Available online at www.sciencedirect.com 


science @oinecr: RENEWABLE 
& SUSTAINABLE 
ENERGY REVIEWS 


ee ees Renewable and Sustainable Energy Reviews 
ELSEVIER 10 (2006) 269-279 


www.elsevier.com/locate/rser 


Evaluation of alternative fuels for residential heating 
in Turkey using analytic network process (ANP) 
with group decision-making 


Şenol Erdoğmuş“, Haydar Aras”, Eylem Koç 


“Statistics Department, Science and Art Faculty, Osmangazi University, 26480 Bati Meselik Eskisehir, Turkey 
Department of Mechanical Engineering, Engineering and Architecture Faculty, Osmangazi University, 
26480 Bati Meselik Eskisehir, Turkey 


Received 13 August 2004; accepted 17 September 2004 


Abstract 


Energy policies require cheap and continuous energy which is needed in Turkey for further 
development. Implementation of a successful energy policy requires political and economical 
institutions to take responsibility and to adopt adapt to changes easily. Energy policy generally 
consists of institutional structure, in which decisions related to technology, economy and energy are 
made, and also consists of supply-demand management in short term and planning in long term. 
Energy demand is closely related to social and economic structure of a society. In the long term 
development of energy demand, developmental structure of society (economic growth, life style, 
socio-economic factors), technological development and energy prices play important roles as 
determining factors. In this study, evaluation of most suitable fuel which can be used for residential 
heating was made using ANP with group decision-making. 
© 2004 Elsevier Ltd. All rights reserved. 
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1. Introduction 


Turkey’s energy production and consumption figures along with its fast developing and 
growing economy have grown rapidly in recent years. It is seen that mainly state 
institutions produce energy and that after transferring to planning period, state invested a lot 
in energy sector. The deficit in energy kinds, where production cannot meet demand, is met 
via import. Turkey is a country where local energy resources are limited and consumption is 
met via import. Today, it is expected by Ministry of Energy and Natural Resources that the 
imported energy share, 65%, will be 73% in 2010 and 78% in 2020. In this study, ANP 
is selected to solve the fuel selection problem. There are three reasons to use ANP. The first 
is ANP has a systematic approach to set priorities and trade-off among goals and criteria [1]. 
ANP uses a ratio scale by human judgments instead of arbitrary scales [2,3]. The second 
is ANP can measure all tangible and intangible criteria in the model [4—6]. The third is ANP 
is a relatively simple, intuitive approach that can be accepted by managers and other 
decision-makers [7,8]. Because of these reasons, we prefered ANP to other Operation 
Research/Management Science techniques to solve the problem. 

The analytic hierarchy process (AHP) was first introduced by Saaty [4]. AHP is a well- 
known technique that decomposes a decision problem into several levels in such a way 
that they form a hierarchy. The AHP model assumes a uni-directional hierarchical 
relationship among decision level [9]. In AHP, the top element of the hierarchy is the 
overall goal for the decision model. The hierarchy decomposes from the general to a more 
specific attribute until a level of manageable decision criteria is met. AHP is conceptually 
easy to use, but it is divisionally robust so that it can handle the complexities of real-word 
problems [10]. Since the introduction of AHP in 1976, it is widely used in different 
decision-making process, such as measuring performance [11], policy development in the 
energy market [12], macroeconomic forecasting [13], setting priorities for objectives 
[14-19], evaluation of resources [20], filling systems [21], production cycles [22], banks 
[23], software [24], suppliers [25], electric power plants [26], fuel systems [27], crop 
production technologies [28], agricultural activities [28], reliability [29], and location 
[30-35] by academics and practitioners. In reality, AHP is a comprehensive frame- 
work which is designed to model the real world decision problems when we make 
multi-objective, multi-criterion and multi-actor decisions for any number of alternatives. 
An advantage of the AHP over other MCDM is that AHP is designed to incorporate 
tangible as well as intangible criteria especially where the subjective judgments of 
different individuals constitute an important part of the decision process [25,36]. The ANP 
is a general form of AHP and does not require this strictly hierarchical structure and 
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therefore allows for more complex interrelationships among the decision levels and 
attributes [37-39]. ANP incorporates dependencies and feedback using a multilevel (or 
hierarchical) decision network is well suited to modeling dependence (or interdependence) 
relations among components, to represent and analyze interactions, and to synthesize their 
mutual effects by a single logical procedure [40,41]. In the literature, the application of 
ANP is not as common as the applications of AHP. But application fields of ANP are 
rapidly increasing [42-48]. 

The objective of this study is to solve the complex decision problem by using ANP 
with BOCR and multi-actors. This article is divided into five sections. In Section 1, 
we present a brief review of ANP and the problem we studied. In Section 2, proposed 
ANP model is presented and the components of the model and relationships among 
them are determined in detail. In Section 3, the data used in the model are explained. 
In Section 4, how the analyses were done is described and discussions of the result 
are given. In Section 5, the results which have been obtained from solution of the 
model are evaluated. 


2. Proposed ANP model 


Here, we attempt to develop an ANP model about the decision problem. 
Determining the criteria in the ANP model is based on the evaluation obtained from 
actors. In this process the actors called a meeting. Criterion suggestions that may be 
used in the model were taken from participants in the meeting. These criteria were 
evaluated, and designated criteria as results of this evaluation were used ANP model. 
The criteria which were used here could be adapted to solve similar decision 
problems. The network model about decision problem structured around connections 
between the elements of clusters and ANP model was developed. The developed ANP 
model is a coupling of two parts. The first include a control hierarchy or network of 
criteria and subcriteria that control the interactions. The second is a network of 
influences among the alternatives, actors and criteria clusters [2]. This network 
consists of four kinds of subnetworks: benefits, opportunities, costs and risks, each of 
which represents the relationship of its own clusters and elements. Control hierarchy 
which forms the first part of the model is shown in Fig. 1. 

At the top of the control hierarchy, there exists the goal of the problem. The goal is to 
determine the best strategic decision, namely the best Fuel. During the meetings with the 
actors, it came out that benefit, opportunity, cost, and risk has not equal importance for 
them. In order to determine the weights of BOCR, four strategic criteria have been added 
to the model. These strategic criteria are Input for national economy, Input for 
environment, Productive heating and Evaluation of domestic resources. Each of these 
criteria can be thought as subgoals that the actors are willing to realize. As a result, 
hierarchical structure between strategic criteria and overall goal is shown in Fig. | as 
control hierarchy. 

Second part of the model consists of the network of interactions among the 
clusters of the alternatives, the criteria, and the actors. Consequently, in the second 
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The Best Fuel 


Input for Productive 
environment heating 
Benefits} Opportunities 


Fig. 1. Control hierarchy. 
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part, there are four subnetworks, namely benefits, opportunities, costs, and risks as 
presented in Figs. 2-5, respectively. Two types of connections between nodes 
contained in clusters in each subnetwork are represented in figures as one-way 
dependence and two-way dependence. If there is one-way dependences between 
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Fig. 2. Benefits subnetwork. 
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Fig. 3. Opportunities subnetwork. 
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the two clusters are represented with directed arrows. The two-way dependences 
are represented by bi-directed arrows. 

The groups in actors’ cluster in all subnetworks are not weighted among themselves. 
This means that decisions by clusters would have the same contribution to the final 


decisions. 
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Fig. 5. Risks subnetwork. 
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Table 1 
Pairwise comparison matrix 

INE IE PH EDR 
INE - 1/5 1/2 1/2 
IE z - 4 4 
PH - - - 1 


EDR - 4 = = 


3. Obtaining pairwise comparison matrices 


After setting up the network model and required the connections, pairwise comparisons 
are performed. In order to do the pairwise comparisons, separate questionnaires are 
prepared for each actor group. The questions in these questionnaires are structured 
according to the connections that are related to each actor group. The questionnaires were 
prepared for the users, environmental organizations, state and suppliers. 

While taking the judgment for each individual in each actor group, interviews were made 
separately each other, by using questionnaire technique. The scale that takes integer values 
between 1 and 9 were used in the technique recommended by Saaty [49]. The valuation 
scales in the pairwise comparisons are those, where 1 is equal importance, 3 is moderate 
importance, 5 is strong importance, 7 is very strong or demonstrated importance, and 9 is 
extreme importance. Even numbered values will fall in between importance levels. 

Pairwise comparisons were based on upper level control criteria. In ANP model, 
weights of strategic criteria must be determined first. For this reason, the group which takes 
part in actors’ cluster set made their pairwise comparisons about strategic criteria and 
notified their judgments according to overall goal. Consequently, four pairwise comparison 
matrices have been obtained for pairwise comparisons of strategic criteria. Geometric 
mean of judgment values which was obtained from all the pairwise comparisons was taken 
[49,50]. In the geometric mean, in the group of decision-makers, each perform the pairwise 
comparison process and the geometric mean of their evaluations is used to obtain the 
required pairwise comparison matrix [24,51]. As a result, pairwise comparison matrix 
obtained the geometric means about strategic criteria is given in Table 1. 

Actor groups’ judgments about pairwise comparisons related to connections were 
performed. In the result of these, there 92 pairwise comparison matrices obtained about 
judgments of actors for the whole model. 


4. Analysis 


Super Decisions software v.1.4.1 was used for the analysis. Total of 92 pairwise 
comparison matrices which were obtained in Section 3 were inputted into this program. 
The ANP analysis we performed involved four main steps. 

In the first step of the analysis, consistency of the judgments is controlled. Especially, in 
the large scale decision problems, while doing pairwise comparisons, the respondents may 
misevaluate unconsciously. That is why it must be controlled that if pairwise comparison 


S. Erdoğmuş et al. / Renewable and Sustainable Energy Reviews 10 (2006) 269-279 275 


Table 2 
BOCR weights 
Input for national Productive Evaluation of Input for Weights 
economy heating domestic resources environment 
(0.092) (0.582) (0.163) (0.163) 
Benefits Very high Very high Very high Very high 0.323 
Opportunities Very high Very high Very high Very high 0.323 
Costs High Very high High Medium 0.259 
Risks Very low Medium Low Very low 0.095 


matrices are consistent or not. If the matrix is inconsistent, the judgments of the 
respondents should be repeated until reliable judgments are obtained. The Super Decisions 
software calculates inconsistency ratio for every pairwise comparison matrix. In order a 
comparison matrix to be consistent, the inconsistency ratio must be less than 0.10 [52-54]. 
Since the inconsistency ratios of all pairwise comparisons matrices obtained in Section 3 
were less than 0.1, all our pairwise comparison matrices were accepted as consistent. 

Since benefits, opportunities, costs, and risks have not equal importance, BOCR 
weights will be determined in the second step of the analysis. It was mentioned in 
Section 2 that BOCR weights were based on strategic criteria. For this reason the actors 
were asked to evaluate BOCR bounding to strategic criteria by using five step scales (very 
high, high, medium, low, very low). The questions about evaluation of BOCR according to 
strategic criteria were asked to all groups at the same time and made them to be in 
consensus with their answers [24]. The groups in actor cluster were asked some questions 
like ‘how much benefit there will be productive heating subgoal?’ These evaluations are 
given in Table 2. Willingness to reach to strategic criteria, or subgoals, may not be always 
at the same level. In other words willingness to realize of a subgoal may be less than 
another subgoal. Consequently, the weights reflected mentioned willingness levels of 
strategic criteria computed by using Super Decisions software, and these weights were 
given in parenthesis under strategic criteria in Table 2. In the last column, BOCR weights 
were calculated based on the values of measurement levels, i.e. very high, 0.42; high, 0.26; 
medium, 0.16; low, 0.10; very low, 0.06 [49]. 

In the third step of the analysis, final relative weights of criteria in BOCR subnetworks 
were determined by using Super Decisions software (Table 3). These weights are based on 
pairwise comparison matrices that were obtained from the judgments of actor groups in 
Section 3. 

Fourth step of the analysis is to determine relative importance values for 
the alternatives based on two formulas, the additive and the multiplicative. The additive 
and multiplicative formulas can be given as bB+oO—cC—rR_ and 
{B’O°[(1/C) Normalized’ [/R) Normatizeal’ $s respectively, where B, O, C and R represent the 
synthesized results; whereas b, o, c, and r are BOCR rates [49,55,56]. Table 4 presents the 
synthesized results of each BOCR subnetwork in first four columns. Since the alternatives 
with the highest priorities in C and R columns are more costly and more risky, they are less 
preferred with respect to the others. To convert the priorities so that less preferred 
alternatives have lower values than more preferred ones, the reciprocals of each 
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Table 3 


Final relative weights of subcriteria in BOCR subnetworks 
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B Economical 


Social 


Political 


Environ- 
mental 


Criteria 


Cost reducing effect 


Elimination of 
pollution cost 
Evaluation 

of domestic resources 


Rise effect in 
employment 

Value added 
Multi-purposes using 
Clean environment 


Input for family 
members 

Foreign dependency 
Morality effect 
Greenhouse effect 
Acid rain 
Emissions 


Final relative 


weights 
0.15287 


0.30785 


0.12145 


0.08887 


0.09817 
0.23079 
0.85638 


0.14362 


0.16289 
0.83711 
0.33334 
0.33333 
0.33333 


Criteria 


Multi-purposes 
heating 
Economical 
heating 
Evaluation 

of domestic 
resources 
Establishment 
cost 

Running cost 
Storage cost 
Material storage 
cost 
Maintenance cost 


Availability 
Explosion risk 
Firing risk 
Poisoning risk 


Final relative 
weights 


0.33776 
0.35909 


0.30315 


0.21789 


0.25151 
0.19331 
0.19535 


0.14194 


0.02919 
0.30330 
0.33062 
0.33689 


alternative’s priority are taken and presented in columns 1/C and 1/R 
reciprocals are normalized as shown in columns Nic and Nj ;r. The final relative 
importance values of the alternatives computed based on the additive and multiplicative 
formulas are given in the corresponding columns. 


5. Discussions and conclusions 


. Then, these 


The focus of this paper is on the decision-making process itself, and not on the 
mathematical aspects of ANP. In this study, during the processes from defining the 
problem to interpretation of the results, there has been an interaction with the actors. 


Table 4 

Synthesized results for the alternatives in the control criteria network under the BOCR 

Alterna- B O C R 1/C Nic 1/R Nir Additive Multipli- 
tives cative 
Coal 0.108 0.270 0.095 0.095 10.5263 0.3014 9.4340 0.2681 0.087419 0.206497 
Natural 0.732 0.543 0.730 0.730 1.3699 0.0392 1.3699 0.0389 0.153405 0.235712 
gas 

LPG 0.089 0.108 0.080 0.080 12.5000 0.3579 12.1951 0.3465 0.035121 0.154581 
Fuel oil 0.071 0.079 0.095 0.095 10.5263 0.3014 12.1951 0.3465 0.016055 0.124242 
Total 1.000 1.000 1.000 1.000 34.9225 1.0000 35.1941 1.00000 
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The consistency of the judgments is very important in ANP as it is in all the scientific 
research. In this study, in general all actor groups are very consistent with their judgments. 
In fact, our study reported very low inconsistency ratios of 0.00—0.0992, which are better 
than the recommended 10% acceptable margin. 

In Table 2, the weights of BOCR were given. According to these results, approximate 
weights of BOCR which was obtained from the results of the calculations are 0.323, 0.323, 
0.259 and 0.095, respectively. 

Weights of BOCR criteria were given in Table 3. When this table was examined, one 
can see that the most important economical, social, political and environmental benefit 
criterion is elimination of pollution cost, clean environment, morality effect and 
greenhouse effect, respectively. The most important opportunity criterion is economical 
heating, the most important cost criterion is running cost, and the most important risk 
criterion is poisoning risk. 

The final importance values about alternative fuels were given in Table 4. When we 
examine the results by using additive formula, we can see that the highest importance 
value alternative is natural gas. In other words, at the results of the analysis by using 
additive formula, natural gas is determined as the best alternative. Besides this, When we 
examine the results by using multiplicative formula we can see that the highest importance 
value alternative is natural gas again. So, since the alternative natural gas has the highest 
value according to both approach, it is proposed to use natural gas fuel system in place of 
the current coal system most commonly used in Turkey. 
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